DMS-DR-2092 

(0A72) 


The attached document presents results of wind tunnel 
investigations conducted by NASA/LaRC and placed in the Space 
Shuttle data system. Additional copies may be obtained from 
Chrysler Data Management Services by referring to the DMS-DR 
designation. 


Distributed under NASA Contract Number NAS9-13247 


by 

Data Management Services 
Chrysler Corporation Space Division 


for 

Engineering Analysis Division 


Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas 


WIND TUNNEL TEST SPECIFICS: 


Test Number 
NASA Series No. : 
Model Number: 
Date: 


LaRC 22" HE-7415 

0A72 

34-0 

July 30 - Aug. 24, 


1973 (184 Occ. Hrs.) 


FACILITY COORDINATOR: 

David R. Stone 

Langley Research Center 

SSD, Hypersonic Analysis Section 

Bldg. 1247-B, Room 120B 

Mail Stop 163A 

Hampton, Virginia 23665 

Phone: (804) 827-2483 


PROJECT ENGINEERS: 


David R. Stone 

Langley Research Center 

SSD, Hypersonic Analysis Section 

Bldg. 1247-B, Room 120B 

Mail Stop 163A 

Hampton, Virginia 23665 

Phone: (804) 827-2483 


Robert Mul finger 

Rockwell International Space Div. 
12214 Lakewood Blvd. 

Dept. 390, M/C AC07 
Downey, California 90241 

Phone: (415) 922-1589 


DATA MANAGEMENT SERVICES: 


Prepared by: 


Reviewed by: 


Liaison--J. E. Vaughn 
Operations--M. M. Mann 

D. E. Poucher, J. L. Glynn 


Approved by: 



Kem(), Man^r 
Management Services 


Concurrence 



G. Swider, Manager 
hight Technology Branch 


Chrysler Corporation Space Division assumes no responsibility for the 
data presented other than display characteristics. 



NASA TM X- 71968 


NASA TECHNICAL 

MEMORANDUM 


NASA TM X- 71968 

COPY NO. 


HYPERSONIC STABILITY AND CONTROL CHARACTERISTICS OF 
THE ROCKWELL INTERNATIONAL 139-B SPACE SHUTTLE ORBITER 


David R. Stone and Robert Mulfinger 
July 1974 


This informal documentation medium is used to provide accel erated or 
special release of technical information to selected users. The contents 
may not meet NASA formal editing and publication standards, may be re- 
vised, or may be incorporated in another publication. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LANGLEY RESEARCH CENTER, HAMPTON, VIRGINIA 23665 



1. Report No. 2. Government Accenion No. 

NASA TM X-71968 


4. Title and Subtitle 

Hypersonic Stability and Control Characteristics of 
the Rockwell International 139-B Space Shuttle 
Orb: ter (U) 

7. Author(s) 

David R. Stone and Robert Mul finger 


9. Performing Organization Name artd Addresa 

NASA Langley Research Center 
Hampton. VA 23665 


3. Recipient's Catalog No. 


5. Report Date 

JULY 197^ 


6. Performing Organizatioci Code 

July 74 


8. Performing Organization Report No. 


10. Work Unit No. 


11. Contract or Grant No. 


12. Sponsoring Agency Name and Address 


13. Type of Report and Period Covered 

Technical Memorandum 


14. Sponsoring Agency Code 


15. Supplementary Notes 

Special space shuttle technical information release, not planned for formal 
NASA publication. 


16. Abstract 


The purpose of this study was to determine the hypersonic aerodynamic 
performance, longitudinal trim, static stability, and the extent of the 
canter-of-gravity boundaries within the design control limits as well as to 
exa;:jine the effect of Reynolds number on the longitudinal stability of the 
135-B space shuttle orbiter. 

A 0.004 scale model (34-0) was tested in helium over an angle-of -attack 
!”ar,ge of 18® to 54® at 0® and -5® sideslip angles. The total pressure was 
varied for selected configurations to obtain a Reynolds number range, based 
on model length, from 0.51 x 10® to 3.6 x 10^ at Mach numbers between 17.6 and 
21.6. Surface oil -flow studies and electron-beam illuminated-flow studies 
were also conducted at angles of attack of 30®, 40®, and 50® for selected 
Reynolds numbers. 


17. Key Words (Suggested by Author(s)) (STAR category underlined) 

18. Distribution Statement 

Space Vehicles 
Hypersonic aerodynamics 
Stability and Control 
Reynolds number effects 

"TT Z . ' — -T‘ ■ ■ ■' 

Unclassified - Unlimited 


20. Security Claatif. (of this page) 

21. No. of Pages 

u 

1^5 




The National Technical Information Service, Springfield, Virginia 22151 

STIF/NASA Scientific and Technical Information Facility, P.O. Box 33, College Park, MD 20740 














TABLE OF CONTENTS 


SUMMARY 

INTRODUCTION 

SYMBOLS 

CONFIGURATION INVESTIGATED 

TEST CONDITIONS 

TEST FACILITY DESCRIPTION 

DATA REDUCTION 

TEST RESULTS 

REFERENCES 

TABLES 

I. MAXIMUM DATA UNCERTAINTIES 

II. DATA SET/RUN NUMBER COLLATION SUMMARY 

III. TEST CONDITIONS 

IV. MODEL DIMENSIONAL DATA 
FIGURES 

MODEL 

DATA 

APPENDIX - TABULATED SOURCE DATA 



HYPERSONIC STABILITY AND CONTROL CHARACTERISTICS OF THE 
ROCKWELL INTERNATIONAL 139-B SPACE SHUTTLE ORBITER 

By 

David R. Stone* and Robert Mul finger** 

SUMMARY 

The purpose of this study was to determine the hypersonic aerodynamic 

performance, longitudinal trim, static stability, and the extent of the 

center-of-gravity boundaries within the design control limits as well as to 

examine the effect of Reynolds number on the longitudinal stability of the 

139-B space shuttle orbiter. A 0.004 scale model (34-0) was tested in helium 

over an angle-of-attack range of 18° to 54° at 0° and -5° sideslip angles. 

The total pressure was varied for selected configurations to obtain a Reynolds 

fi fi 

number range, based on model length, from 0.51 x 10 to 3.6 x 10 at Mach 
numbers between 17.6 and 21.6. Surface oil -flow studies and electron-beam 
illuminated-flow studies were also conducted at angles of attack of 30°, 40°, 
and 50° for selected Reynolds numbers. 

The experimental aerodynamic results showed that the trimmed center-of- 
gravity for an entry attitude (i.e. alpha = 33°) ranged from 70.8 percent of 
body length for maximum positive controls to 63.4 percent for maximum negative 
controls. However, the configuration was slightly longitudinally unstable at 
the maximum control limits, except at the highest Reynolds number for maximum 
negative controls. Increasing the Reynolds number over the indicated range 
caused a forward movement of the trimmed center-of-gravity location by 

approximately 1 percent of body length. The configuration had static 

* NASA/ La RC 
** Rockwell International 
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SUMMARY (Concluded) 


directional instability and static lateral stability (positive effective 
dihedral) over the angle-of-attack range. 

INTRODUCTION 

The Langley Research Center of the NASA is continuing experimental and 
analytical studies related to the development of the Space Shuttle. The 
hypersonic aerodynamics of the Rockwell International orbiter vehicle 3 
(designated the 139-B) presented herein is a portion of these ongoing studies. 
The data were obtained in the Langley 22-inch helium tunnel at Mach numbers 
between 17.6 and 21.6 over a range of Reynolds numbers that covered the 
operational flight values. This study includes the vehicle performance, 
stability, the extent of the center-of -gravity boundaries for the design 
control limits, and the effect of Reynolds number on the longitudinal stability. 
In addition to the aerodynamic data analysis, the results of a flow-visualiza- 
tion investigation consisting of surface oil-flow patterns and electron-beam 
illuminated-flow studies are presented. 

SYMBOLS 

The longitudinal data are referred to both the body-and stability- 
axis systems. Lateral and directional data are referred to the body system 
only. 

DATAMAN 

SYMBOL SYMBOL DEFINITION 

A. - base area 

b 

b BREF wing span or reference span 

- - aerodynamic chord 
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SYMBOLS (Continued) 


SYMBOL 

DATAMAN 

SYMBOL 

DEFINITION 

C 

- 

Chapman-Rubesin viscosity coefficient 

C.G. 

- 

center of gravity 


CA 

axial -force coefficient; 


CAB 

base-force coefficient; 

(Pb - Pc»)/qS 


CAF 

forebody axial-force coefficient-, C. - C. 

A Ab 

S 

CD 

drag coefficient; 


CL 

lift coefficient; — 

qS 


CBL 

rolling -moment coefficient; — 

qbb 

h 

DCBLDB 

derivative of rol 1 ing -moment coefficient with 
respect to beta. Algebraic difference of the 
rol ling -moment coefficient of two runs divided 
by the algebraic difference of the sideslip 
angle of the runs; body axis system,; per degree 


CLM 

.... . r,-. . ^ pitching moment 

pitching-moment coefficient; ^ 

RE F 

S 

CN 

, , ........ normal force 

normal -force coefficient; 

C 

n 

CYN 

yawing-moment coefficient; 

s 

DCYNDB 

derivative of yawing-moment coefficient with 
respect to beta. Algebraic difference of the 
yawing-moment coefficient of two runs, divided 
by the algebraic difference of the sideslip 
angle of the runs; body axis system; per degree. 


CY 

side-force coefficient; 

c 

B 

DCY/DB 

derivative of side-force coefficient with respect 
to beta. Algebraic difference of the side 
force-coefficient of two runs divided by the 
algebraic difference of the sideslip angle of the 
runs; per degree. 
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SYMBOLS (Continued) 


SYMBOL 

DATAMAN 

SYMBOL 

DEFINITION 

dC|^/dCN 

DCLMCN 

pitching moment/normal force derivative 
(dC^/dCj^) at trim (C^ = 0) 

L/D 

L/D 

lift-to-drag ratio; C^/Cq 

^B 

- 

body length 

^REF 

LREF 

reference length or wing mean aerodynamic chord 

M 

MACH 

Mach number 

P 

- 

pressure 

q 

Q(PSI) 

dynamic pressure 

Re^ 

- 

Reynolds number based on model length and free- 
stream conditions. 

S 

SREF 

wing area or reference area 

T 

- 

temperature 

V 

- 

hypersonic viscous parameter 

'cp/^B 

XCP/L 

longitudinal position of the normal force center 
of pressure, based on body length, 

- 

MRP 

moment reference point 

- 

XMRP 

moment reference point on X axis 

- 

YMRP 

moment reference point on Y axis 

- 

ZMRP 

moment reference point on Z axis 

a 

ALPHA 

angle of attack, degrees 

6 

BETA 

angle of sideslip, degrees 


AILRON 

aileron deflection angle; [(6 left - 6 right)/21; 
degrees. ® ® 

*^BF 

BDFLAP 

body flap deflection, positive direction trailing 
edge down; degrees. 
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SYMBOLS (Concluded) 


SYMBOL 

6 

e 

*^SB 

Y 

SUPERSCRIPT 


SUBSCRIPT 

t 

w 


DATAMAN 

SYMBOL DEFINITION 

ELEVON eleven deflection angle, positive 

deflection, trailing edge down; degrees. 

RUDDER rudder deflection angle, positive for trailing edge 

left, degrees. 

SPDBRK split rudder deflection included angle, degrees, 

ratio of specific heats. 

denotes parameter evaluated at reference 
temperature condi ti ons . 

total conditions 
wall conditions 
free stream 
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CONFIGURATION INVESTIGATED 


The 0.004 scale model (34-0) orbiter consisted of the following 


components: 


Symbol 

Definition 

®19 

Orbiter Body 

<^7 

Canopy 

^5 

Body flap 

«4 

OMS pods 

“l07 

Wing 

Ej3 

Elevons 

h 

Vertical tail 


Split rudder 


Dimensional data for these components are in table IV. The eleven deflections were 
0°, +15°, -20°, and -40°; and the body flap was set at 0°, -14.25°, and 
+13.75°. The rudder flare (speed brake) was 55° (included angle) throughout 
the test with 0° and -10° rudder deflections investigated. 

Two balances (HH-20 and HH-19) were used with different load capacities. 
Maximum data uncertainties with the two balances are in table I, and a 
complete run summary is in table II. 


) 
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TEST CONDITIONS 


The investigation was conducted in helium at total pressure settings 
of 1.38, 2.07, 3.45, 6.90, 13.79 MPa (200, 300, 500, 1000, and 2000 psig). 

These settings gave Mach numbers of 17.6, 18.1, 19.0, 20.3, and 21.6, 
respectively, and a Reynolds number, based on model length (13.109 cm (5.161 in)), 
of 0.5 X 10 to 3.6 X 10 . A complete list of test conditions for each run is 
in table III. The hypersonic viscous parameter based on T' conditions, 

is also in table III where: 



Equations which follow (see ref. 1) were used to determine C: 


C 



-0.353 


T' 

T 


0.468 + 0.532 



+ 0.195 




00 


The Prandtl number was assumed to be unity, and the wall temperature (T ) was 

w 

assumed to be equal to the stagnation temperature. 

The technique used for the surface oil -flow studies was to splatter a 
mixture of lamp black and silicone oil onto a light-colored model that had 
been initially coated with a thin film of clear silicone oil. Simultaneous 
photographs of the oil-flow patterns and the electron-beam illuminated -flow 
field were then made during a run. Additional photographs of the oil-flow 
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TEST CONDITIONS (Concluded) 


patterns were taken after the models were removed from the tunnel. Although 
a nodel shield device was used, these patterns were subjected to flow shut-down 
disturbances. These disturbances are small, but they can cause a slight 
rearward movement in heavy oil accumulation areas, such as along separation 
lines. 

TEST FACILITY DESCRIPTION 

The LaRC 22-inch Helium Tunnel is a blowdown-type tunnel with a normal 
operational time of 30 seconds for aerodynamic force and moment tests. Studies 
are conducted in the 22-inch diameter test section at Mach numbers from 17.6 
to 22.2, at stagnation pressures from 1.4 to 20.7 MPa (200 to 3000 psi), and 
at stagnation temperatures from 289 to 533 K (520 to 960 R). These test 
conditions allow Reynolds number variations from 3.9 x 10® to 37.7 x 10® per 
meter (1.2 x 10® to 11.5 x 10® per foot). Operational characteristics of 
the contoured nozzle flow characteristics are available in reference 2. 
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DATA REDUCTION 


The aerodynamic forces and moments measured by the internal strain gage 
balance were reduced to coefficient form using the following reference 
dimensions: 



= wing planform area = 39.987 cm^ (6.198 in^) 

= wing mean aerodynamic chord = 4.823 cm (1.899 in) 
= wing span = 9.517 cm (3.747 in) 


The reference center-of -gravity location for moment data is: 

XMRP = 8.522 cm (3.355 in) aft of nose (65 percent body length) 


YMRP =0.0 


ZMRP = 0.0, fuselage reference line 

Angles of attack from 18® to 54® were measured by an optical method using 

a prism mounted in the model to reflect light from a point (adjacent to the 

test section window) onto electric eyes set at calibrated intervals. 

Sideslip angles were 0° and -5°. Model base pressures were measured for 

selected runs and were used to calculate an axial ‘•force correction (C. ) based on 

^b 

a base area equal to the model base area minus the balance cross-sectional 

area = 5.471 cm^ (0.848 in^)). All data are presented as uncorrected 

for base pressure; however, C. is tabulated for selected runs in the appendix. 

^b 


Q 



TEST RESULTS 


Experimental Aerodynamics 

Longitudinal aerodynamics of the configuration are in data figures 1 
through 8. In general, the data repeatability for the two balance arrange- 
ments (figure 8) was within the maximum uncertainties of the data (table I). 

The effect of Reynolds number for the basic configuration with neutral 
eleven controls and with maximum negative controls (6^ = -40 , 6gp = -14.25 ) 
is given in figures 1 and 2, respectively. In the absence of Reynolds number 
nomenclature, the Reynolds number range is indicated by the corresponding 
Mach numbers. (See table III.) Increasing the Reynolds number based on body 
length, from 0.5 x 10® (M = 17.6) to 3.6 x 10® (M = 21.6) decreased the 
because of decreased skin friction and increased the Cj^ and the The 
increase in caused a forward movement of the trimmed center-of -gravity 
location at the entry attitude (a = 33°) by approximately 1 percent of body 
length (figure 9) . 

Figures 4 through 8 show the effect of longitudinal controls. The trimmed 
center-of-gravity boundaries at the entry attitude (a = 33°) for maximum 
positive controls (6g = +15°, 6gp = 13.75°), maximum negative controls 
(6 = -40.0°, 6 di: = -14.25°), and neutral controls are in figure 9. The 
trimmed envelope ranged from 63.4 percent to 70.8 percent; however, the 
configuration was slightly unstable for the maximum positive controls as well 
as for maximum negative controls, except at the highest Reynolds number. 

The summary lateral -directional characteristics with and without rudder 
deflection are in figure 10. The configuration had static directional 
instability J and static lateral stability ^ 

rudder deflection^of -10° had little effect on static directional insta- 
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TEST RESULTS (Concluded) 


bility or static lateral stability. 

Flow Visualization Studies 

Figures 11 through 19 summarize the results of electron-beam oil -flow 
visualization studies. The effect of Reynolds number on the surface oil- 
flow patterns at a = 30° are in figures 15, 16, and 17. Since both Cj^ and 
C,^ increase with increasing Reynolds number, the center of pressure for the 
C|^ increase must be forward of the C.G. location (65 percent of body length). 
An examination of the oil-flow photographs revealed a slight movement of the 
separation line on the top of. the fillet portion of the wing planform toward 
the leading edge of the fillet as Reynolds number was increased. (Compare 
figures 15(a), 16(a), and 17(a).) This movement would increase the region 
of separated flow on the top portion of the wing, thereby increasing the 
normal force because of decreased pressure for the separated versus attached 
case. However, without detailed pressure measurements, no conclusions as to 
the cause of the Reynolds number effects can be made at this time. 
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TABLE I. MAXIMUM DATA UNCERTAINTIES 


Balance HH-20 (Runs 1-22) 


Mach No . 

17.6 

18.1 

19.0 

20.3 

21.6 

1 

(MPa) 

1.38 

2.07 

3.45 

6.90 

13.79 

s 

+ .0580 

+ .0429 

+ .0301 

+ .0183 

+ .0109 

^A 

+ .0081 

+ .0060 

+ .0042 

+ .0026 

+ .0015 

c 

m 

+ .0250 

+ .0185 

+ .0130 

+ .0079 

+ .0047 

C 

\ 

+ .0055 

+ .0040 

+ .0028 

+ .0017 

+ .0010 

c 

n 

+ .0087 

+ . 0064 

+ .0045 

+ .0027 

+ .0016 

s 

+ .0192 

+ .0141 

+ .0099 

+ .0060 

+ .0036 

Balance HH- 

-19 (Runs 

23-29) 




S 

+ .0190 

+ .0140 

+ .0100 

+ .0060 

+ .0030 

^A 

+ .0060 

+ .0047 

+ .0033 

+ .0020 

+ f0012 

c 

m 

+ .0140 

+ .0104 

+ .0073 

+ .0044 

+ .0027 

C 

1 

+ .0021 

+ .0015 

+ .0010 

+ .0006 

+ .0003 

c 

n 

+ .0021 

+ .0015 

+ .0010 

+ .0006 

+ .0003 


+ .0129 

+ .0095 

+ .0065 

+ .0040 

+ .0024 

Y 
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TABLE III. TEST CONDITIONS 



MACH 

NUMBER 

Re^ 

XIO'^ 

DYNAMIC 

PRESSURE 

(kPa) 

STAG. 
TEMP (K) 

T/ 

Too 

c' 

OO 

- / 

Voo 

i 

1 

20.3 

1.855 

10.882 

308 

101 

.196 

.0066 

3 

19.0 

1.078 

6.661 

303 

89 

.205 

.0083 

4 

19.0 

1.078 

6.661 

303 

89 

.205 

.0083 

5 

21.6 

3.436 

1 

18.316 

301 

114 

.188 

.0051 

6 

20.3 

1.876 

10.913 

306 

101 

{ .196 

.0066 

7 

19.0 

1.049 

6.610 

308 

89 

.205 

.0084 

8 

19.0 

1.055 

6.661 

308 

89 

.205 

.0084 

9 

21.6 

3.327 

18.226 

308 

114 

j 

.188 ! 

.0051 

10 

19.0 

1.038 

6.623 

311 1 

89 

.205 1 

.0084 

11 

19.0 

1.038 

6.623 

311 j 

89 

.205 j 

.0084 

12 

19.0 

1.055 

6.661 

306 I 

89 

.205 ; 

.0084 

13 

19.0 

1.055 

6.661 

308 

89 

■ .205 ; 

.0084 

14 

19.0 ‘ 

1.045 

6.661 

311 [ 

89 

: .205 

.0084j 

15 

! 

i 19.0 

1.040 ! 

I 

6.635 

311 I 

89 

.205 

.0084 1 

! 17 

i 

' 19.0 ‘ 

1.053 

6.623 

309 1 

89 

.205 

. 0084 

1 18 

1 19.0 

1.049 

6.623 

310 ^ 

89 

.205 

.0084 

! 19 

i 

21.6 

3.516 

18.226 1 

294 

114 

.188 

.0050 

i 20 

17.6 

0.5058 

3.460 I 

306 : 

76 1 

.216 

.0115 

21 

21.6 

3.609 

18.226 t 

287 j 

114 1 

.188 1 

.0049| 

22 

18.1 

.7029 

i 

4.678 j 

307 i 

80 

.213 ' 

.0010 

23 

17.6 

.5134 

3.460 1 

302 1 

76 

.216 1 

.0114 

24 

18.1 

.7210 

4.678 1 

301 i 

80 

.213 

.0098 

25 

19.0 

1.089 

6.661 

300 ; 

89 

.205 i 

f 

.0082 

26 

20.3 

1.920 

10.935 

300 

101 

.196 

.0065 

27 

18.1 

0.7225 

4.678 

300 

80 

.213 

.0098 

28 

17.6 

0.5197 

3.460 

298 

76 

.216 

.0114 

29 

21.6 

3.5010 j 

18.090 i 

301 

114 

.188 

.0050 
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TABLE IV. MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - :^9 

GENERAL DESCRIPTION: Fuselage, 3 configuration, liehtvelght orblter 

per VL70-000139B 


MODEL SCALE: 0.004- 

DRAWING NUMBER: VL70-000139B 

DIMENSIONS: FULL SCALE 


Length m (ft) 

32.774 

(107.525) 

Max Width m (ft) 

6.797 

(22.300) 

Max. Depth ^ m (ft) 

6.210 

(20.375) 

Fineness Ratio 

4.82175 


2 2 
Area m (ft ) 

^fe,x. Cross-Sectional 

35.923 

(386.67) 

Planform 



Vfetted 



Base 
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TABLE IV. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: CANOPY - Cy 

GENERAL DESCRIPTION: Configuration 3 per Rockvell Lines Draving 

VL70-000139 


MODEL SCALE: .004 

DRAWING NUMBER: VL 70 -000139 

DIMENSIONS: FULL SCAT.E 

Length (x^ = 11.0 10 ) 3 m (ft) 6.020 (19.750) 

Max. Width 

Max Depth 

Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 
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TABLE IV. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: BODY FLAP - F 3 

GENERAL DESCRIPTION: 3 configuration per Rockvell lines dravlng 

VL70 -000139 


SCALE MODEL: 0.004 

DRAWING NUMBER: VL?0 -000139 

DIMENSIONS: 

Length- — ’ m (ft) 

Max Width m (ft) 

Max. Depth 

Fineness Ratio 

2 2 
Area m (ft ) 

Max Cross-Sectional 

Planfonn 

Wetted 

Base 


FULL SCALE 
2.151 (7.058) 

6.797 (22.300) 


13.240 (142.520) 


3.539 (38.096) 
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TABLE IV. MODEL DIMENSIONAL DATA (Continued) 

MODEL COMPONENT: OMS Pbd - M 4 

GENERAL DESCRIPTION; 3 llghtvelRht configuration per Rockvell Lines 
Praying VL 7 O-OOOI 39 


SCALE MODEL: 0.004 

DRAWING NUMBER: VL?0 -000139 

DIMENSIONS: FULL SCAT.R 

Length rJ (X^ = 30.836 8.788 (28.833) 

Max. Width m (ft) 1.1 h'h (9.000) 

Max. Depth a/ m (ft) 2.870 (9.417) 

Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


NOTE; Ml|. identical to M of 2A configuration except intersection 
to body 
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I TABLE IV. MODEL DIMENSIONAL DATA (Continued) 

MODE!. COMPONENT: WI NG - W 107 Lightweight Orbiter 

GENERAL DESCRIPTION: Orbiter 3 coofiguratioa per lines VL70-000139B 

SCALE MODEL = 0.004 


DRAWING NO.: VL?0 -000139 

DIMENSIONS: 


FULL SCALE 


m 


m 


(ft^) 

(ft) 


Total Data; 

Area (Theo.)' 

Pianfom 
Span (Thea) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diheciral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep-Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: m (ft) 

Root (Theo) B. P.0.0 
Tip (Theo) B.P. 

MAC 

Fus. ota. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 


■ (ft^) 
(ft) 


Exposed Data; 

Area (Theo) 

Span (Theo) ^ 

Aspect Ratio 
Taper Ratio 
Chords: m (ft) 

Root (B.P. = 2.743m) 

Tip 1.00 ' 0/2 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockvell Mod NASA) 
XXXX-64 

Root b/2 = 

Tip b/2 = 

Data for (l) of (2) Sides: 

Leading Edge Cuff 2 2. 

Planform Area'^ ™ (ft ) 
Leading Edge Intersects Pus. M, 
® Sta m (ft) 

Leading Edge Intersects @ Sta ' 


L. 


249.909 

(2690.000) 

23.792 

(78.05;) ' 

2.265 

1.177 

0.200 

3.500 _ 

0.500 

+ 3.000 

45.000 

- 10.24 

35.209 

17.507 

(57.437) 

3.501 

ai.488) 

12.060 

(39.568) 

22.832 

(74.908) 

7.600 

(24.933) 

4.626 

(15.178) 

162.793 

(1752.29) 

18.305 

(60.057) 

2.058 

0.2451 

14.285 

(46.867) 


(11.488r’ 

9.983 

(32.753) 

24.062 

(78.94^ 

7.625 

(25.017) 

6.395 

(20.980) 

.10 

.12 

10.993 

(118.333) 

6.655 

(21.833) 

:t) 21.473 

(70.450) 
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TABLE IV. MODEL DIMENSIONAL DATA (Continued) 

MODEL COMPONENT: ELEVON - E 23 

GENERAL DESCRIPTION: 3 copfiguration per Wio*^ lines drawing 

VL7Q-000139B data for (l) of (2) sides 


MODEL SCALE: 0.004 

DRAWING NUMBER: VL 7 O-OOOI 39 B 

DIMENSIONS: FULL SCALE 


2 2 

Area^ m (ft ) 19.093 (205.520) 


Span (equivalent) m (ft) 

8.975 

(29.445) 

Inb’d equivalent chord ™ (ft) 

2.915 

(9.565) 

Outb'd equivalent chord*>./ m (ft) 

1.397 

(4.583) 

Ratio movable surface chord/ 
total surface chord 



At Inb'd equiv. chord 

0.208 


At Outb’d equiv. chord 

0.400 


Sveep-back Angles, degrees 



Leading Edge 

0.00 


Trailing Edge 

-10.24 


Hingeline 

0.00 


3 3 

Area Moment (Normal to hinge line ) — ' m (ft ) 

43.836 

(1548.070) 


Product of Area Moment 
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TABLE IV. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: VERTICAL - Vy (Lightweight orbiter configuration) 

GENERAL DESCRIPTION: Centerline vertical tail, double-vedge airfoil 

vlth rounded leading edge 


MODEL SCALE: .004 


DRAWING NUMBER: VL70-000139^ VL70 -000095 

DIMENSIONS: 

Total Data 

2 

Area (Theo) ™ (^t ) 

Planform 

Span (Theo) m (ft) 

Aspect Ratio 
Taper Ratio 

Sweep- Back Angles, Degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords : m (ft) 

Root (llieo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Wedge Angle ' Deg. 
Trailing Wedge Angle Deg. 
Leading Edge Radius m (ft) 


FULL SCALE 


39.569 

(425.92) 



0!T" 

(26.3IO) 




Q : . 5 0I 


45-000 


26.249 

41.130 

6.820 

(22.375) 

2.755 

(9.039) 

5.075 

(16.651) 

31.128 

(102.125) 

16.142 

(52.960) 

0.000 

(0.000) 

10.000 

14.926 

..051 



22 


TABLE IV. MODEL DIMENSIONAL DATA (Concluded) 


MODEL C(»dPONENT: RUDDER - R 3 

GENERAL DESCRIPTION; 2A and 3 configurations per Rockwell lines dravlng 
No. VL70-000093 and VL70 -000139 

SCALE MODEL: .004 

DRAWING NUMBER; VL70-000139 and VL 7 O-OOOO 95 


DIMENSIONS: 

FULL SCALE 


2 2 
Area m (ft ) 

9.883 

(106.380) 

Span (equivalent) In. m (ft) 

5.105 

(16.750) 

Inb'd equivalent chord ™ (ft) 

2.326 

(7.632) 

Outb'd equivalent chord m (ft) 

1.291 

(4.236) 

Ratio movable siarface chord/total 
surface chord 



At Inb'd equiv. chord 

0.400 


At Outb'd equiv. chord 

0.400 


Sveep-Back Angles, degrees 



Leading Edge 

34.83 


Trailing Edge 

26.25 


Hingeline 

34.83 


3 

Area Moment (Normal to hinge line) m 

(ft^) 14.898 

(526.130) 


Product of area and mean chord 
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Figure 1. Axis Systems 







Cavity Area « P 

= 2.043 cm (.3167 in^) 


Definition of Base and Cavity Areas 
and Pressure Tube Location 


Figure 3. 
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Figure 11. Electron Beam and Oil Flow on RI-139B Orbiter at 
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Figure 1 1 . Continued 






Figure 12. Continued 
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Flow on RI-139B Orbiter at 



Figure 13. Continued 



Figure 13. Concluded 
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Figure 14. Continued 
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Figure 15. Surface Oil Flow on RI-139B Orbiter at 
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(b) Bottom View 
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Fiqure 15. Continued 
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Figure 15. Continued 





(e) front View 



Figure 15. Concluded 
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Figure 16. Continued 



Figure 16. Continued 





Figure 16 . Continued 



(e) Fripnt ¥leW 
Figure 16^. .C&»<;luded 





Figure 17. Surface Oil Flow on RI-139B Orblter at a = 30% Re. = 3.43 






Figure 17. Continued 



Figure 17. Continued 




Right Side Oblique View 



Figure 18, Surface Oil Flow on RI-139B Orblter at a ^ Re^ - U x 10^ 




(b) Bottom View 




Figure 18. Concluded 



Figure 19. Surface Oil Flow on RI-139B Orbiter at 





Figure 19. Surface 011 Flow on RI-139B Orbiter at 
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APPENDIX 

TABULATED SOURCE DATA 


Tabulations of plotted data are available on request 
from Data Management Services. 
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